The enzyme CYP17 primarily regulates androgen production by mediating four reactions: conversion of pregnenolone and progesterone to 17-hydroxypregnenolone and 17-hydroxyprogesterone, respectively (17␣-hydroxylase activity), followed by conversion of the 17-hydroxylated steroids to dehydroepiandrosterone and androstenedione, respectively (17,20-lyase activity). Most mammalian CYP17 isoforms have high 17␣-hydroxylase relative to 17,20-lyase activities and preferentially mediate one of the two 17,20-lyase reactions. In contrast, Xenopus laevis CYP17 potently regulates all four reactions in the frog ovary. CYP17 isoforms generally rely on the cofactor cytochrome b 5 for the 17,20-lyase reaction, suggesting that the high lyase activity of Xenopus CYP17 might be due to a lesser dependence on b 5 . The kinetics of Xenopus CYP17 expressed in yeast microsomes were therefore examined in the absence and presence of Xenopus on human b 5 . Xenopus CYP17 mediated both 17,20-lyase reactions in the absence of b 5 , confirming that the activity did not require b 5 . However, both Xenopus and human b 5 slightly enhanced Xenopus CYP17-mediated lyase activity, indicating that the enzyme was still at least partially responsive to b 5 . Surprisingly, only the human b 5 cofactor enhanced human CYP17-mediated lyase activity, implying that the human enzyme had more specific cofactor requirements than Xenopus CYP17. Studies using human/Xenopus chimeric b 5 proteins revealed that human b 5 residues 16 -41 were important for the specific regulation of the lyase activity of HuCYP17, possibly serving as an interacting domain with the enzyme. CYP17 may therefore have evolved from a general producer of sex steroids in lower vertebrates to a more tightly regulated producer of both sex steroids and glucocorticoids in mammals.
The development and maintenance of male and female fertility depends on the normal function of androgens and their cognate androgen receptor. Androgens induce male sexual differentiation before birth, promote sexual maturation during puberty, and maintain male reproductive function in adults (1) . In women, androgens serve as precursors for estrogen biosynthesis (2) while also playing significant roles in normal as well as pathologic ovarian development (3) (4) (5) (6) (7) (8) .
Androgen production depends on the enzyme CYP17 (9). CYP17 mediates two enzymatic reactions. Its 17-hydroxylase activity primarily converts pregnenolone (⌬5 pathway) and progesterone (⌬4 pathway) to 17-hydroxypregnenolone and 17-hydroxyprogesterone, respectively. The 17,20-lyase activity of CYP17 then converts the 17-hydroxylated pregnenolone and progesterone to dehydroepiandrosterone (DHEA) 1 and androstenedione, respectively. Notably, the cofactor cytochrome b 5 has been implicated as a critical component of the 17,20-lyase reaction. Nearly all mammalian CYP17 isoforms that have been examined have little 17,20-lyase activity in the absence of b 5 . The addition of b 5 markedly enhances lyase activity, although it usually remains lower than the hydroxylase activity under similar conditions (10) . Furthermore, most mammalian isoforms of CYP17 respond to b 5 by preferentially promoting lyase activity in only one of the two pathways (⌬4 versus ⌬5) (11) . Together, these b 5 -dependent responses ensure that mammalian CYP17s will regulate the production of a variety of steroids, including both androgen precursors such as DHEA and androstenedione, as well as 17-hydroxylated progestins such as 17-hydroxyprogesterone and 17-hydroxypregnenolone.
We have previously shown that ovarian androgen production is extremely important in the female frog Xenopus laevis, as testosterone and androstenedione appear to be the physiologic regulators of oocyte maturation, or re-entry into meiosis. These androgens trigger maturation by signaling in an unusual nongenomic (transcription-independent) fashion that involves at least in part classical androgen receptors (12, 13) . Interestingly, Xenopus ovarian androgen production is dependent upon both ovarian germ and somatic cells, as CYP17 activity is found almost exclusively in oocytes, whereas all other steroidogenic enzymes are expressed in the surrounding follicle cells. Initial characterization of CYP17 activity in frog oocytes revealed remarkably high 17,20-lyase activity in both the ⌬4 and the ⌬5 pathways, with lyase rates at least equaling those of the 17␣-hydroxylase reactions (14) . Thus, Xenopus ovaries produced virtually no detectable progesterone, 17-hydroxyprogesterone, or 17-hydroxypregnenolone upon stimulation with gonadotropins, whereas ovarian androgens such as androstenedione and testosterone levels were very high.
The unusually high lyase activity of Xenopus CYP17 (Xe-CYP17) suggested that the enzyme was either more sensitive * This work was supported by grants from the National Institutes of Health (Grant DK59913) and the Welch Foundation (Grant I-1506). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. to or less dependent on cytochrome b 5 . To address this issue, we designed a series of experiments that would examine the b 5 dependence of XeCYP17. As a comparison, similar studies were performed in parallel using the well characterized human isoform of CYP17 (HuCYP17). Finally, the effects of both Xenopus and human b 5 (Xb 5 and Hb 5 , respectively) on each isoform of CYP17 were examined to study the specificity of the CYP17/b 5 interactions.
We found that XeCYP17 contained significant 17,20-lyase activity in both the ⌬4 and the ⌬5 pathways in the absence of b 5 , although these activities were slightly enhanced upon the addition of either the Xenopus or the human b 5 . In contrast, HuCYP17-mediated 17,20-lyase activity was extremely low in both pathways in the absence of b 5 and was markedly enhanced by the human, but not the Xenopus b 5 , cofactor. Finally, studies with Xenopus/human b 5 chimeras revealed residues within Hb 5 that were important for its specific interactions with HuCYP17. In addition to uncovering a potential CYP17-binding domain in b 5 , these studies suggest that CYP17 from lower vertebrates such as frogs may be more potent regulators of androgen production in part due to their lesser dependence on cytochrome b 5 as a regulator of the 17,20-lyase reaction. 5 and Human/Xenopus b 5 Chimeras-The expression vector pT7-7 and cDNA of Hb 5 were generous gifts from Drs. Ron Estabrook and Richard Auchus (University of Texas Southwestern Medical Center, Dallas, TX). The cDNA encoding Xb 5 was obtained by PCR amplification from a Xenopus oocyte cDNA library (GenBank TM accession number AY775052). The 5Ј primer introduced a NdeI site and four histidine codons prior to the start codon (Supplementary Table) . The Xb 5 cDNA was cloned into pT7-7, and the DNA was transformed into the Rosetta bacterial strain (Dr. R. Auchus, University of Texas Southwestern Medical Center). The recombinant human/Xenopus b 5 chimeras (see Fig. 1C ) were obtained by PCR using primers described in the Supplementary Table.
MATERIALS AND METHODS

Synthesis of Recombinant Wild-type Xb
Expression of the Wild-type Xb 5 and Recombinant Human/Xenopus b 5 Chimeras-The cytochrome b 5 proteins were expressed as described (15) . Briefly, 10-ml cultures of Rosetta bacterial cells transformed with plasmid pT7-7 containing cDNAs encoding the wild-type or chimeric b 5 proteins were grown at 30°C in medium (2 g/liter peptone, 12 g/liter tryptone, 24 g/liter yeast extract, 4 ml/liter glycerol, 17.5 mM KH 2 PO 4 , and 72.5 mM K 2 HPO 4 ) containing ampicillin (0.2 mg/ml), chloramphenicol (34 g/ml), and glucose (0.2%). The overnight cultures were diluted to an A 600 ϭ 0.03 in 1 liter of the same medium except without glucose. The cells were incubated at 30°C with shaking until an A 600 ϭ 0.8 -1.5 (7-10 h) was reached, at which time 0.1 mM isopropyl-1-thio-␤-D-galactopyranoside was added. Cells were then incubated at 24°C overnight (about 15 h).
Isolation and Purification of Wild-type Xb 5 and Recombinant Human/Xenopus b 5 Chimeras-Cells from cultures expressing b 5 were harvested by centrifugation at 5000 rpm for 10 min. Pelleted cells were suspended in 2 volumes (w/v) of buffer A (75 mM Tris-HCl, pH 8.0, 10 g/ml aprotinin, and 1 mM phenylmethylsulfonyl fluoride) and broken by emulsification (Department of Biochemistry, University of Texas Southwestern Medical Center). Membranes were harvested by centrifugation at 12,000 ϫ g for 10 min and resuspended in 10 ml of buffer B (20 mM Tris-HCl, pH 8.0, containing 2 mM ␤-mercaptoethanol and 20% glycerol) with a Dounce homogenizer. The membrane fraction was harvested by centrifugation (32,000 rpm for 50 min) and stored frozen at Ϫ80°C. The frozen membrane fraction was then thawed, and CHAPS (Pierce) was slowly added to the cold suspension of stirred membranes until a concentration of 1% (w/v) was attained. The suspension was stirred for an additional hour, and the solubilized membranes were centrifuged for 50 min at 32,000 rpm. The supernatant was carefully decanted and diluted with an equal amount of buffer B supplemented with 0.1% CHAPS (B/CHAPS). The sample was loaded onto a Ni 2ϩ -nitrilotriacetic acid-agarose column followed by 10 column volumes of buffer B/CHAPS. The b 5 was eluted with buffer B/CHAPS containing 100 mM imidazole (Sigma). The fractions containing b 5 were combined and dialyzed overnight against a buffer containing 10 mM potassium phosphate, pH 7.5, 20% glycerol, 0.5 mM EDTA, 0.1 mM dithiothreitol, and 0.05% CHAPS. SDS-PAGE, and mass spectrometry confirmed the identity of b 5 .
Yeast Transformation and Microsome Preparation-Saccharomyces cerevisiae strains YiV(B) and plasmid V60, which contains the cDNA encoding oxidoreductase, were gifts of Dr. R. Auchus (University of Texas Southwestern Medical Center). YiV(B) yeast were transformed with 1 g of plasmid V60 containing the cDNA encoding either wildtype HuCYP17 or wild-type XeCYP17. Microsomes were prepared as described (16, 17) , and microsomal proteins were quantified colorimetrically. CYP17 concentrations were determined using difference spectroscopy (Department of Biochemistry, University of Texas Southwestern Medical Center). For the studies here, the concentration of HuCYP17 was 348.88 pmol/mg of total microsomal protein, whereas the concentration of XeCYP17 was 40.71 pmol/mg of total microsomal protein.
CYP17 Enzyme Assays-17␣-hydroxylase and 17,20-lyase activities in yeast microsomes were measured as described previously (10) . Microsomes were assayed under initial rate kinetics by incubation in 50 mM potassium phosphate buffer (pH 7.4) with 0.03-1 M steroid (Sigma and Steraloids, Newport, RI) and 1 mM cofactor NADPH (Sigma) in 500 l of total volume at room temperature for 30 min. Each reaction contained 25 g of microsomes (final concentrations of 17.4 pmol/ml HuCYP17 and 2.0 pmol/ml XeCYP17) and 50,000 cpm of 
-hydroxyprogesterone (PerkinElmer Life Sciences). Unless otherwise indicated, reactions contained 2.5 g/ml (ϳ150 pmol/ml) final concentration of cytochrome b 5 . Recombinant Hb 5 was purchased from Pan Vera (Madison, WI). Steroids were extracted with 3 ml of 3:2 ethyl acetate:hexane, concentrated under nitrogen, and separated by TLC using 3:1 chloroform:ethyl acetate. Relative steroid amounts were determined by cutting out the steroid spots on the TLC plate and measuring radioactivity using liquid scintillation. Kinetic behavior was approximated using Michaelis-Menten analysis.
Computer Modeling-Graphics for the cytochrome b 5 modeling were created on a Silicon Graphics Octane/S.E. R12000 work station (Mountain View, CA) using the ribbonjr program of MidasPlus software version 2.1. The coordinates of bovine cytochrome b 5 (Protein Data Bank ID1CYO) were used as a template, and residue side chains were replaced with the swapaa command of MidasPlus without additional model refinement. 5 independent and b 5 -dependent Manner-Previous work in our laboratory demonstrated that Xenopus oocyte membranes contained high 17,20-lyase activity in both the ⌬4 and the ⌬5 pathways (14) . However, these experiments using crude membrane preparations did not prove that XeCYP17 was the primary mediator of this activity, nor could they be used for detailed quantitative analyses of XeCYP17-mediated catalysis. Additionally, oocyte membranes likely contained cytochrome b 5 ; thus, they could not be used to quantify the b 5 dependence of the XeCYP17-mediated lyase reaction. To address these issues, XeCYP17 was expressed in yeast microsomes, and its enzymatic activities were examined both in the absence and in the presence of cytochrome b 5 . Xb 5 protein containing 4 amino-terminal histidines was expressed in bacteria and purified using Ni 2ϩ -nitrilotriacetic acid-agarose. The purity of the final Xb 5 preparation was assessed by SDS-PAGE under reducing conditions followed by staining with Coomassie Blue (Fig. 1B) . Unexpectedly, although the predicted mass of Xb 5 is ϳ17 kDa, the predominant band in the gel migrated at a slightly higher molecular mass of ϳ25 kDa. This differed from the Hb 5 , which migrated at the predicted mass of 17 kDa (Fig. 1B) . Mass spectroscopy and proteolysis studies confirmed that the dominant band from the Xenopus preparation was Xb 5 and that its true molecular mass was indeed 17 kDa (data not shown). Thus, the slower than predicted electrophoretic mobility of Xb 5 appeared to be due to SDS-and reduction-resistant structural differences.
RESULTS
XeCYP17 Catalyzed the 17,20-Lyase Reaction in Both a b
Interestingly, XeCYP17 contained significant 17,20-lyase activities in both the ⌬5 and the ⌬4 pathways independent of Xb 5 as radiolabeled 17-hydroxypregnenolone and 17-hydroxyprogesterone were converted to DHEA and androstenedione, respectively, in a time-dependent fashion (Fig. 2, A and B) . Xe-CYP17 contained b 5 -dependent lyase activity as well since the addition of Xb 5 enhanced both reactions (Fig. 2, A and B) . To further quantify the enzymatic activities of XeCYP17 and to precisely determine the contribution of b 5 to the lyase reaction, detailed kinetic analyses of XeCYP17 were performed (Table I ).
The V max values for XeCYP17-mediated lyase activities in the absence of b 5 were substantial and relatively similar in both the ⌬4 and the ⌬5 pathways (0.51 ϩ 0.11 and 0.41 ϩ 0.12 min Ϫ1 , respectively), confirming that XeCYP17 could mediate the 17,20-lyase reaction in the absence of b 5 . Xb 5 at the predetermined concentration yielding maximum activity (2.5 g/ml, data not shown) only slightly enhanced 17,20-lyase activity, increasing the rate of the ⌬4 lyase reaction (17-hydroxyprogesterone to androstenedione) by ϳ2-fold and the rate of the ⌬5 lyase reaction (17-hydroxypregnenolone to DHEA) by ϳ4-fold (Table I) . As expected, Xb 5 did not significantly alter XeCYP17-mediated hydroxylase activities in either pathway, nor did it markedly affect the calculated K m values of any of the reactions examined. Of note, the V max and K m values for XeCYP17-mediated 17␣-hydroxylase activity in the ⌬4 pathway were higher than in the ⌬5 pathway, suggesting that progesterone might be the preferred substrate for XeCYP17 in vitro when substrate concentrations are high. In contrast, recent studies have demonstrated that virtually no progesterone is produced by the Xenopus ovary in vivo, most likely due to the extremely slow conversion of pregnenolone to progesterone, indicating that pregnenolone is in fact the dominant physiologic substrate of XeCYP17 (14) .
Hb 5 Enhanced XeCYP17 Lyase Activity but Xb 5 Did Not Affect HuCYP17-Since Xb 5 enhanced the 17,20-lyase activity of XeCYP17, Hb 5 was next examined. The human and Xenopus b 5 share ϳ55% identity with several conserved regions (Fig.  1A) ; thus, Hb 5 was predicted to be a sufficient cofactor for XeCYP17. As anticipated, Hb 5 improved XeCYP17-mediated lyase activity similarly to Xb 5 , raising the V max values by ϳ4-fold in both the ⌬4 and the ⌬5 pathways while having little effect on hydroxylase activities (Table I) . These results suggest that the XeCYP17 is promiscuous in its ability to interact with b 5 isoforms from other species.
Similar studies using the HuCYP17 in yeast microsomes revealed strikingly different results. First, as expected, HuCYP17 mediated very little b 5 -independent lyase activity in the ⌬5 pathway (V max ϭ 0.08 min Ϫ1 ) and none in the ⌬4 (Table II) . Second, Hb 5 enhanced the lyase activity of HuCYP17 significantly more than for the XeCYP17-mediated reaction, raising the V max value in the ⌬5 pathway (17-hydroxypregnenolone to DHEA) by ϳ9-fold and raising the V max value in the ⌬4 pathway (17-hydroxyprogesterone to androstenedione) by an even greater ratio (Table II) . Together, these results indicate that, as described previously (10), the HuCYP17-mediated 17,20-lyase reaction is more dependent on and sensitive to cytochrome b 5 than its Xenopus counterpart. Of note, the absolute values of lyase activity, as well as the magnitude of the b 5 -mediated enhancement of the HuCYP17-mediated 17,20-lyase reactions, were similar to published data, (10, 19) , indicating that the model system used in these studies is appropriate. Finally, to our surprise, Xb 5 did not enhance HuCYP17-mediated lyase activity in either the ⌬4 or the ⌬5 pathways (Table II Fig. 1C and then expressed in bacteria as described under "Materials and Methods." Protein purity was qualitatively assessed by gel electrophoresis followed by Coomassie Blue staining, and protein concentration was determined using the BCA system (Pierce). Varying concentrations of human/Xenopus b 5 chimeras, as well as the wild-type Xb 5 and Hb 5 , were added to yeast microsomes containing HuCYP17, and the conversion from 17-hydroxyprogesterone to androstenedione was measured (Fig. 3, A and B) . As expected, Xb 5 did not enhance the lyase activity of HuCYP17 at any concentration, whereas Hb 5 up-regulated HuCYP17-mediated lyase activity in a dose-dependent fashion that peaked between 1 and 5 g/ml Hb 5 (Fig. 3A) . Substitution of the first 69 amino acids of Hb 5 with the cognate 74 amino acids of Xb 5 (X(1-74)Hb 5 ) did not increase the lyase activity of HuCYP17 (Fig.  3A, closed squares) . A similar chimera containing the first 55 amino acids of Xb 5 in place of the cognate region in Hb 5 (X(1-55)Hb 5 ) mildly enhanced HuCYP17-mediated lyase activity, although 100-fold more X(1-55)Hb 5 relative to Hb 5 was needed to reach a still suboptimal maximum level of activity (Fig. 3A,  closed triangles) . These data suggest that the amino-terminal half of Hb 5 might be necessary for regulating HuCYP17-mediated lyase activity.
In contrast, substitution of the first 16 amino acids of Xb 5 for the cognate region in Hb 5 (X(1-16)Hb 5 ) enhanced HuCYP17-mediated lyase activity to a maximum induction equal to that regulated by Hb 5 , although 5-fold more protein was necessary to do so (Fig. 3A, closed circles presence of the first 50 amino acids of Hb 5 (H(1-50)Xb 5 ) was sufficient to promote maximum HuCYP17-mediated lyase activity; however, again, 5-fold more protein was necessary to do so (Fig. 3B, closed triangles) . In contrast, substitution of the first 11 amino acids of Hb 5 into Xb 5 (H(1-11)Xb 5 ) did not enhance lyase activity (Fig. 3B, closed circles) . Similar results were obtained when examining the effects of the b 5 chimeras on the substrate 17-hydroxyprogesterone (Fig.  3, C and D) , although the effects were less dramatic due to the known slower rate of the huCYP17-mediated 17,20-lyase rate in the ⌬4 pathway (10, 11) . Furthermore, all of these results were confirmed quantitatively in Table II , using 2.5 g/ml human, Xenopus, or chimeric b 5 proteins. H(1-50)Xb 5 enhanced HuCYP17-mediated 17,20-lyase activity similarly to Hb 5 in both the ⌬4 and the ⌬5 pathways, whereas H(1-11)Xb 5 only minimally enhanced the lyase reaction. Together, these results indicate that residues 12-50 in the Hb 5 are necessary for regulating the lyase activity of HuCYP17. Since the first 4 and last 9 amino acids of this region are identical to those in Xb 5 , they are less likely to be important for this specificity; thus, the region of specificity can likely be narrowed down to resides 16 -41 (Fig. 3A, boxed region) .
Xb 5 Did Not Block Hb 5 -mediated Lyase Activity of HuCYP17-The residues in region 16 -41 of the Hb 5 could be specifically regulating HuCYP17 by two possible mechanisms that are not mutually exclusive. First, residues 16 -41 might be necessary for Hb 5 binding to HuCYP17. Alternatively, residues 16 -41 might be important for specifically activating HuCYP17 but not for binding. Competition studies were performed using increasing amounts of Xb 5 in the face of a smaller, activating amount of Hb 5 (0.2 g/ml). If Xb 5 was binding to the HuCYP17 enzyme but could not promote lyase activity, then the addition of excess Xb 5 should have blocked the ability of Hb 5 to bind to HuCYP17, thus reducing its activity. In fact, up to 100-fold excess of Xb 5 had very little effect on Hb 5 -mediated lyase activity, confirming that the Xb 5 molecule is likely unable to bind with high affinity to HuCYP17, at least at the same site as does Hb 5 (Fig. 4) . In contrast, the addition of excess Hb 5 decreased HuCYP17-mediated lyase activity, a known phenomenon that is most likely due to b 5 -mediated competition with the cofactor oxidoreductase for electron transfer during the 17,20-lyase reaction (20) .
DISCUSSION
Most well characterized mammalian isoforms of CYP17 have little to no intrinsic 17,20-lyase relative to 17␣-hydroxylase activity. Significant 17,20-lyase activity is only seen when the cofactor cytochrome b 5 is added to the enzyme. Furthermore, even in the presence of cytochrome b 5 , the rate of the 17,20-lyase activity remains lower than that of the hydroxylase activity and is usually preferentially enhanced in either the ⌬4 or the ⌬5 pathway. For instance, in small animals, such as rats (21), mice (22) , hamsters (23) , and guinea pigs (24) , CYP17 is more active in the ⌬4 pathway. In contrast, human and primate CYP17s utilize the ⌬5 pathway (10, 11) .
The Xenopus laevis isoform of CYP17 (XeCYP17) serves as an unusual example of this enzyme. Ovarian expression of XeCYP17 appears to be almost exclusively within oocytes, whereas all other steroidogenic enzymes are found in the surrounding follicular cells (14) . Thus, oocytes play a critical role in regulating ovarian androgen and estrogen production, which is in turn necessary for the regulation of oocyte maturation and vitellogenin production, respectively (14, 25) . Furthermore, frog ovarian androgen production is extremely efficient, most likely due to the remarkably potent 17,20-lyase reaction mediated in the Xenopus oocyte. Here, characterization of XeCYP17 expressed in yeast microsomes revealed that XeCYP17 contained significantly higher 17,20-lyase activity than its human counterpart HuCYP17 (Tables I and II) . Furthermore, unlike most mammalian isoforms of CYP17, the XeCYP17-mediated 17,20-lyase reaction was very potent without b 5 in both the ⌬4 and the ⌬5 pathways. In fact, the rates of cytochrome b 5 -independent XeCYP17-mediated 17,20-lyase activity were similar to b 5 -dependent HuCYP17-induced 17,20-lyase activities (Tables I and II) . Finally, although the addition of b 5 enhanced XeCYp17-mediated lyase activity, the observed 2-4-fold increase was significantly lower than what was seen with HuCYP17 under similar conditions, in which Hb 5 enhanced lyase activities by 9-fold or more.
In sum, these kinetic studies suggest that XeCYP17 does not rely on cytochrome b 5 as much as its mammalian counterparts for normal androgen production. This difference might reflect the need of the frog to produce more androgens relative to cortisol. Interestingly, frogs, sharks, eels, and fish, all of which contain phylogenetically related CYP17 enzymes (14) , generally utilize corticosterone or its metabolites as their primary glucocorticoids (26 -28) . Since these species do not require the accumulation of 17-hydroxyprogesterone or 17-hydroxypregnenolone for survival, the major purpose of CYP17 might therefore be to regulate androgen production. In contrast, human CYP17 is necessary for both androgen as well as cortisol production. Since cortisol production requires the accumulation of 17-hydroxlated steroids, mechanisms may have evolved that led to tighter regulation of 17,20-lyase activity in the adrenal glands. For example, 17,20-lyase activity would not be desired in the zona fasciculata, where cortisol production occurs. This could be accomplished in higher mammals simply by limiting b 5 expression, favoring the production of 17-hydroxlyated steroids. In contrast, initiation of adrenarche involves a carefully timed increased in adrenal androgen production that requires up-regulation of the CYP17-mediated 17,20-lyase reaction in the zona reticularis. Although not completely understood, this increased lyase activity may be due in part to increased expression of cytochrome b 5 in the zona reticularis (29, 30) as well as to post-translational modifications of CYP17 (18) .
Curiously, XeCYP17 was relatively promiscuous in its interactions with cytochrome b 5 as both Xb 5 and Hb 5 were equally potent enhancers of XeCYP17-mediated lyase activity. The similar activities of the two b 5 isoforms with regard to Xe-CYP17 suggests that both are capable of interacting with the enzyme, as well as the cofactor oxidoreductase, in a meaningful and functional manner. In contrast, HuCYP17 responded only to Hb 5 , suggesting that the human enzyme could not appropriately interact with Xb 5 . We defined a region of Hb 5 between residues 16 and 41 that, when exchanged into the cognate portion of Xb 5 , maximally enhanced HuCYP17-mediated 17,20-lyase activity. These results suggest that residues 16 -41 of Hb 5 might comprise a specific binding site for HuCYP17 that is not present in Xb 5 . Accordingly, Xb 5 did not compete for Hb 5 mediated 17,20-lyase activity in HuCYP17 at any concentration, indicating that the Xenopus cofactor might not bind to the HuCYP17 with significant affinity. To test whether this region was sufficient to bind to HuCYP17, a peptide encoding residues 12-69 was produced in bacteria but failed to block Hb 5 -mediated 17,20-lyase activity (data not shown). This result, combined with the data in Fig. 4 and Table II, suggests that region 16 -41 is necessary, but not sufficient, for the interaction between Hb 5 and HuCYP17. Interestingly, the most divergent region between resides 16 and 41 is located at an external surface of cytochrome b 5 (Fig. 5 , left, represented as green residues in the blue region) and therefore could serve as a possible docking site for CYP17. The decreased activity of Xb 5 might be due to the dramatic charge differences in this region (Fig. 5, right) . For example, the weakly positively charged histidine residues in Hb 5 at positions 20 and 22 are replaced by a strongly positive arginine and a neutral threonine, respectively, in Xb 5 . In addition, the relatively neutral serine and glutamine residues at positions 25 and 18 of Hb 5 are replaced by negatively charge glutamate and positively charge arginine residues, respectively.
Although residues 16 -41 of Hb 5 appear to be important for its specific interactions with HuCYP17 during the 17,20-lyase reaction, the critical interacting domains within the human enzyme itself remain undefined. More studies are needed to answer these questions and to fully determine the nature of the interactions between CYP17 and b 5 . Given the unusual nature of XeCYP17-mediated 17,20-lyase activity, perhaps continued comparison of the human with Xenopus CYP17 will provide useful insight into these unresolved issues.
